Expression of the 1.9 kb cDNA of murine Calmbp1 has been shown to interfere with the mitotic S-M checkpoint in yeast (J. Cell Sci. 111 (1998) 3609). The physiological function and expression pattern of Calmbp1 in mice, however, are unknown. We have investigated the expression of Calmbp1 in mid-gestation and late-gestation fetuses and in adult organs of the mouse. In Northern blot analyses, using a Calmbp1-specific probe, a single mRNA of more than 7.4 kb was found that showed a progressive decline in total RNA preparations of fetal heads during the period from day E12 to E16. In the adult, this Calmbp1 transcript was detectable by Northern blot analysis exclusively in testis, ovary and spleen of all organs examined. In situ hybridizations revealed that Calmbp1 is expressed (a) in the differentiating central and peripheral nervous system, (b) in the epithelial cells lining the crypts of the small intestine in late gestation and adult mice, (c) in the fetal, but not the adult liver, (d) in both the fetal and adult spleen, where the signal colocalized with hematopoetic cells in the red pulp, (e) in late gestation embryos in the thymus, S-shaped tubules in the kidney, epidermis, and (f) in leptotene, zygotene and pachytene spermatocytes of the adult testis and the follicle epithelium of the activated follicles in the adult ovary. q
Results and discussion
The cell cycle of eukaryotic cells is regulated by numerous factors that initiate the entry and control the progression of each cell division (reviewed by Hoyt, 2000) . The transition from the S-phase to the mitotic division is tightly controlled by the S-M checkpoint which ensures that DNA replication is completed before mitosis begins (Enoch and Nurse, 1991) . The murine Calmbp1 (Sha1) has been shown to interfere with the S-M checkpoint upon expression in Saccharomyces pombe (Craig and Norbury, 1998) . In this fission yeast, expression of Calmbp1 also led to the disruption of normal spindle assembly during mitosis and caused the formation of a monopolar spindle instead. Calmbp1 cDNA (gb AF062378) has been reported to be 1.9 kb in length and is predicted to code for a 67 kDa protein of 575 amino acids (Craig and Norbury, 1998) . It contains a number of IQ motifs for calmodulin binding, but its physiological function in the mouse is unknown. Calmbp1 shows homology to the C-terminal part of asp1 from Drosophila melanogaster. Asp1 is a micotubule-associated protein that is localized to the centrosome during mitosis and is required for the activity of the microtubule-organizing center (Saunders et al., 1997; do Carmo Avides and Glover, 1999) . The mutation at the asp1 locus in Drosophila, that gave the locus its name, causes spindle abnormalities in male meiosis and larval neuroblasts indicating that the gene may act in a tissue-specific way Casal et al., 1990) .
In a random arbitrarily primed reverse transcription polymerase chain reaction (RT-PCR) experiment involving Apaf1 fog/fog mutant (Harris et al., 1997; Honarpour et al., 2001 ) and wild-type fetal mouse brains on day E18, we isolated a 500 bp cDNA fragment, called 7C3, that was 96% homologous to the published cDNA sequence of Calmbp1 between nucleotides 918 and 1392, with single non-homologous nucleotides being dispersed throughout the sequence. Using the 7C3 fragment as a Calmbp1-specific probe, we have investigated the expression pattern of this gene during normal development and in adult organs of the mouse.
Northern blot analysis of total RNA prepared from heads of phenotypically normal and Apaf1 fog/fog homozygous mutants on days E12, E14 and E16 showed that the abundance of Calmbp1 mRNA declined with increasing age in (Fig. 1A) . The Calmbp1-specific probe hybridized to a single mRNA of more than 7.4 kb, which is considerably longer than that previously reported for the cDNA (Craig and Norbury, 1998 ). Although we did not gain more sequence information in 5 0 RACE experiments, we could confirm the published 3 0 end of the Calmbp1 gene in a 3 0 RACE (data not shown).
The expression pattern of Calmbp1 mRNA in embryonal tissues was analyzed by in situ hybridization on C57BL/6 embryos on days E11.5, E13.5 and E16.5. Calmbp1 mRNA was detected in the neuroepithelial cells in the wall of the telencephalon on day E11.5 ( Fig. 2d, e) . On day E13.5, the in situ signal was more pronounced in differentiating nerve cells lying in external layers of the anterior telencephalon ( Fig. 2a, b) , whereas in the posterior telencephalon and diencephalon, the in situ signal was confined to the subventricular zone (Fig. 2a, c) . In late gestation fetuses on day E16.5, Calmbp1 mRNA was detected in scattered cells in the cortical plate and the subventricular zone (Fig. 2f, g ). Thus, the decrease of Calmbp1 mRNA in RNA preparations of the head from days E12.5 to E16.5 (Fig. 1A) presumably reflects the transient transcription of this gene during nerve Fig. 1 . Northern blot analysis of Calmbp1 expression during development and in organs of adult mice. In (A), both panels show the same Northern blot hybridized with specific probes for Calmbp1 (fragment 7C3) and GAPDH. Total RNA isolated from the heads of homozygous ApaF1 fog/fog and phenotypically normal littermate (wt) embryos was examined at the developmental days E12, E14, and E16. The bottom panel in B shows the 18S rRNA bands of the ethidium-bromide-stained gel to indicate equal loading of the gel with total RNA from various tissues. The other panels in (B) show the corresponding Northern blot hybridized with specific probes for the genes indicated. Fig. 2 . Expression pattern of Calmbp1 during development. Sections in (e) and (g) were stained with hematoxylin/eosin (HE). All other images are in situ hybridizations with a Calmbp1-specific probe (cDNA fragment 7C3). The bar is 50 mm in (d,g,l) and 100 mm in (a,i,n, and p). Tissues were taken from fetuses on days E11.5 (d,e), E13.5 (a,b,c,h), E16.5 (f,g,k,m,n,o) and adult mice (i,l,p). In the forebrain, Calmbp1 mRNA is detected throughout the neuroepithelium on day E11.5 (d, HE stain e). On day E13.5, Calmbp1 mRNA was found in the subventricular zone of the posterior telencephalon (a, left box, higher magnification in c, white arrow) and in external layers of the anterior telencephalon (right box in a, higher magnification in b). On day E16.5, scattered cells in the cortical plate (CP, see HE stain in adjacent section, g) and the subventricular zone express Calmbp1. In the peripheral nervous system of the E16.5 fetus, Cambp1 is expressed in the spinal ganglia (m) and the sympathetic ganglia (n). There is no expression in peripheral glia as shown in the dorsal root (arrow in m).Calmbp1 is expressed in scattered cells throughout the fetal liver (h), but not the adult liver (i). Clusters of Calmbp1 expressing cells are found in the fetal spleen (k), and cells restricted to the red pulp (RP) in the adult spleen, where hematopoetic precursor cells reside (l). Calmbp1 is expressed in the epithelial cells lining the crypts (Cr) of the fetal E16.5 (o) and adult (p) intestine, but not in those epithelial cells lining the villi (V). Tel, telencephalon; Di, diencephalon; CP, cortical plate; SG, sympathetic ganglion; Sp G, spinal ganglion; WP, white pulp; RP, red pulp; Cr, crypt; V, villus. cell differentiation and the reduction of the number of these differentiating cells during development of the brain.
In the peripheral nervous system, Calmbp1 expression was observed in spinal ganglia and sympathetic ganglia (Fig. 2m, n) . The absence of a Calmbp1 in situ signal in the cells of the dorsal root (Fig. 2m, arrow) and the restriction within the ganglion to cells with large round nuclei suggests that Calmbp1 is exclusively expressed in the ganglion cells, but not the peripheral glia.
The distribution of the Calmbp1 mRNA in the fetal liver and the fetal and adult spleen suggests that Calmbp1 is expressed in the hematopoetic system. Calmbp1 expression was found in cells scattered all over the fetal liver on day E13.5 ( Fig. 2h) , but not in the adult liver (Fig. 2i) . It was also seen in the clusters of cells in the fetal spleen (Fig. 2k) , and cells in the red pulp of the adult spleen (Fig. 2l) , that could histologically be identified as hematopoetic precursor cells (not shown).
In the intestine, Calmbp1 mRNA was detected in all intestinal epithelial cells on day E11.5, before crypts and villi are formed (not shown), but in late gestation embryos and the adult, expression of Calmbp1 was confined to the crypts where the stem cells of the intestinal epithelium reside (Fig. 2o, p) .
Calmbp1 mRNA was also detected in other developing organs on day E16.5, not shown here: thymus, perichondrium, the distal tips of the branching pancreatic ducts, the germ cells of the spermatic cords, the epidermis, and the metanephric tubules.
The expression of Calmbp1 in organs of the adult mouse was analyzed by Northern blot analysis of total RNA isolated from various tissues. Expression of Calmbp1 was only detected in testis, ovary and spleen. In the liver, heart, kidney and brain (Fig. 1B) and in the skeletal muscle, uterus, colon and adrenal gland (not shown), the expression of Calmbp1 was below the detection limit. Russell et al., 1990) . Note the expression of Calmbp1 in spermatocytes in leptotene (arrows in f) and in pachytene stage (arrowheads in d and f). Images h-j show sections of adult ovary. Sections in (h and i) are in situ hybridizations for Calmbp1 and the section in (j) was stained with HE. Calmbp1 is expressed in the follicle epithelium of secondary (arrow in i) and tertiary (arrowhead in h) follicles but expression could not be detected in primordial (arrowhead in i and j) or atretic (* in i) follicles. The bars represent 100 mm for each set of images.
We examined the expression pattern of Calmbp1 in the gonads of adult mice by in situ hybridization. In testis, the Calmbp1 expression was restricted to germ cells (Fig. 3b) . Within the seminiferous tubules, Calmbp1 was expressed in specific stages of spermatogenesis, which were assigned according to Russell et al. (1990) based on the chromatin morphology in DAPI-stained sections. The Calmbp1 in situ signal was not only most noticeable in spermatocytes in the leptotene and pachytene (Fig. 3d-g ) but also in zygotene (not shown) stages. Expression was also observed in spermatogonia in E17, P8 and adult mice and in epithelial cells of the adult epididymis (not shown).
In the ovary, Calmbp1 expression was found in the follicle epithelium of primary, secondary and tertiary ovarian follicles (Fig. 3h) , but not in the follicle cells of the primordial or atretic follicles (Fig. 3l) . In large tertiary follicles, the signal was most pronounced in the cells of the cumulus oophorus.
Thus, a transient expression of Calmbp1 is found in several differentiating cell populations: the neuroepithelium generating nerve cells, the hematopoetic system, the intestinal epithelium and the male germ cells entering spermatogenesis.
Methods
The 7C3 fragment was isolated using the RAP-PCR kit from Stratagene (Heidelberg, Germany). Northern blot analysis was performed as described previously (Lüers et al., 2000) . For in situ hybridizations, the tissues were fixed in Bouins fixative and the hybridizations on paraffin sections were carried out essentially according to Schad et al. (1996) with a hybridization temperature of 498C. After in situ hybridization, tissue sections were incubated for 15 min in PBS containing 1 mg/ml DAPI for staining of the chromatin. Digoxigeninlabelled cRNA probes were synthesized using the DIG RNA labeling kit from Roche (Mannheim, Germany).
